
UNC LA SS I F I E D
4064 2 3'

AD

DEFENSE DOCUMENTATION CENTER
J1 FOR

SCIENTIFIC ANH;, TECHNICAL INFORMATION

CAMERON STA1J,)N. ALEXANDRIA. VIRGINIA

UNCL)AiSSIFIED



i406 423r
JPRS: 17,357 

&

Q29 January 1963

C5 THE- PSYCHO LXtY OF-MAN' ANI> TECW,'ICAL PROGRESS 9:

by A. N. Leonttyev and D4 Yuo Panov

-USSR

D:'O C,

-TIlit

Prde $.75 D



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
6upplied the sal.d drawings, opecifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



FOREWORD 

This publication was prepared under contract for
the Joint Publications Research Service, an organization
established to service the translation and foreign-language
research needs of the various federal government depart-
ments*

The contents of this material in no way represent
the policies, views, or attitudes of the U. S. Government,
or of-the parties to any.distributin.arrangements,

PROCUREMENT OF JPRS REPORTS

All JPRS reports are listed in Monthly Catalog of U. S.
Government Publications, availablefor $4.50 ($6.00 foreign) per
year (including an annual index) from the Superintendent of
Documents, U. S, Goverment Printing Office, Washington 259 D..C.

Scientific and technical reports may be obtained fromt
Sales and Distribution Section$ Office of Technical Services,
Washington 25, D. C. These reports and their prices are listed
in the Office of Technical Services semimonthly publication,
Technical Translations, available at $12.00 per year from the
Superintendent'of Documents, U. S. Government Printing Office,
Washington 25, D. C.

Photocopies of any JPRS report are available (price upon
request) from; Photoduplicatlon Service, Library of Congressp
Washington 25, D., C.



JRKS: 171357

714E PS1YCHXOLOG~Y OF WN AND AECHNICAL PROGRESS

IFollowing is- a translation of an article by
A. N. Leon-t 'yev and D. Yu. Fanov in the Rusian-
languiage periodical Voprosy Filosofi (Problems
of Philosophy), No&t162Pae502]

The guiding1 Prosipect and ideal of the building of
C ommuttism -L. man, "Everything in the name of man, every-
thinyg forP the ake of man"l -- ' this diction In the CIP6U
Program-, re .vealing the inner motive of~ the hi-story making
progress of our society, also constitute the primary
gulideline in development of science. in particularf a
new development impetus is imparted 'to the sciences
concerned with a di rect study of tran as such, an~d among
them of steadily increas~~n* importance are becoming the
sciencoes dealing with the \pMost complex manifestations of
manl 'svital activity -- psyc), ology and physiology of
higher nervous activity.

,An. attempt to approach some theoretical prbblems
of psychology arising in connection with pros pe ctiv"e
developme.nts of the principal a~ctivity of man. -- its

*work activity, which effectuates the prodess of material
produlction, is precisely the topic of the present repbrt.

In t1 - cou, rse of Work, In the directly productive
activity, takes place the initial formation of the form
of psychic reflection which is specifically inherent in
man -- of its intellect.* Thas, Wiork constitutes the
initial decisive factor as well as 'the embodimentt of,
spiritual, psychic development of pjeop2le. It is in this
sense that KZ. Marx refers to the history of industry as
an "o-pen book" in which is perceptibly revealed to us the
human psychology (see. I ankIrozenIX .elected
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7arJly' Wx's3 J56, p a grl9~
Thepdanscience Of psycio-Logy was una b]le to

read tlhis bo-ok, The divorce oP mental work from phy'sicalt
whkhir~cd spritul wthering pf phaysical work, was -ee-

£:lected I~n psyc'ology by the fact t'hat the scope off Its
-in~Cy was conifin-.ed excl sively to the domain of pu',ely
mental acti:vity, ' without inner coninection of the l.atter
with ' work, wiith) t-he develomrent coF sooial produwtionl.

Wor in Lj Its besic fcorm in the form of prodi totion of the
maeralvalues, vras cnsid~re-d only :f1,rom the standpoint

of Its purely, extecrnal relatIonship to man. Man, talking
part ins Droduction nrocesses controlled. by material)
meo'banica~l lawos, was o~znsidered only in one of its aspects

as subordin)ate in his work' activity to these Laws.
Tvefreto h end Of the paSt century the

pyclh& l 'y cd not study at all man as an individual of
rmAterial nroductLon. Psychology of labor did not exist..
.A. 3th o'agh i rae x the c ond it ions of e h nia production
of thpat -time Wne labor act:!v ity of a worker w.s re-duced
t.n i to a nex form-ance of non-o-t on ous l,-y xtecurrent xtrn2

i,,otive opera.-Lans, the steaily more urgent nece!ssity of
itensifv:llng t.he: work lbroiight to the fore the problem

of imaximal increase of efflacy~ and Coorxdination Of' the
ftictions Ter formed by wrrker an~d machine, In response to
:this ProlLer arose the so-called Taylorism and industrial
ps-,ynohotechxxolog-,?. They undertook the study of such problems
as the nossible tig-htenin,,g of work schedule by el:Uiation
of Sup~erfluous motions and. greater work profici-ency, the
determiniation of mrost convenient shape and dimensions
of handles of nanually ozrerated tools and atachines, the
viore efficient arrange-ment of operator 's stands, and, th~e
IDke Cloncurrently, work was in progress, on a steadily
increasing scale, on selection of workers on, the b&sis.
of their sk.ill, which was aimed at recruiting for 'pro7-
duct ion work, from the available reserve of labor force.
the peop:le best suited fo-r performance of the req-uired
Work functions, thbat is of people the exploitatioin of

whomwoud. Ied the greatest gai-.1s to the e-.Dloyer,.
* In assessinig the Taylor systern (and this appraisal

may be legitimately e'xtended to inolxde the psychotech-
sology preva lent abroad, at. that time), V. ~.L-niri ex-

pounded its duial nature.~H wrote that the Ta~ylor system
tcoh~bines the refined atroc'Lty of' hourgeo~i-e 'exnlol-

t at 1on and 0, numrber of gre ates 't- scientific a. chievemsnts
i_- anialysis of aiechanaical notions during work, elinlii-
na-tion of surerfluo-,.s and, awkward motions, development ofo
best worltr practices, mainteniance .oft best systems of ac"k

a-nd svierv.1sion, etc." (Collected Works, Vol 27,?
%ae 29).



An essentially- entireJfy novel stage of aevelopmenq7
off work psychology, notwit'hstanding its sequential. con-
nection with the. former-psychotechnology, wag initiated by
the so-called engineering psychology (or "1human engineering",
ergonomics), which developed in its present-day form after
'the Second World War. The decisive role irn the evolvement
off engineering psychology was played by rapid development
off comniex technical equipment in. industry, aviation. and
other forms off transport and. cornuniaations, and also by
the rapid development of electronics, 'cybernetics, and
informat ion theory.

The technical progress has revealed with particul1ar
emphasis the, importance off the "man and machines" problem.
It has inarted 'a new meaning to this problem. Wdhile under
the past conditions the questions off matching the work off
man and machine could in most instances be resolved on 'the
commnon sense basis and required determination off relatively
elemenitary anthropometric data, and some selection on the
basis of skill, under thne cozndit+Jons off employment off a

omple eqinen the resolution off these questioni was
found to be impossible without special studie.s. Already
during the war years the operation: engineers and tech. -
nicians encountered a number of unusual, not readily
exrlainable, errors committed by military personniel while
using mil~tary machines and mechanisms. To determine the
causes of -'the occurrence off these errors, and in the
search for means of elimi*nate them, resort was had to
psychology. ItI was in this manner that it was ascertained
~that compqlex equipment often taxes man with such demands
that the satisfying of them necessitates a profound study
of man's canabilities, in order to bring them in harmony
with the capabilities of the machines. The working out
of these problems was the most important tenor of the
engineering psychology. 

n4Z 1As a result of advances in, rroduction mechazao,
which have made it possible to relegate to the machiLncs
the overwhelming part off motive operations formerly per-
formied by workers and coxjtitutilng the main, most clearly
ranifested portion off their work Activity, off foremost
importance became the inner, psychic functions, primarily
the sensory functions. While the "execution part" of the
work processes underwent simplification, the processes off
rerception, and processing of percei'ved data, became
steadily more complex and "load-carrying". This led -to
the numerous studies of mian's perception, aimed at an
amelloration of instrument reading scales, their mutCual
arrangement on indicating panels, etc.

Although these inve st igat ions 'had pdrimarily narrow$
lapplicatory objectives, their general psychological,
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ftheoretical. sgrif.Cance Soo- beane apparent. It Wa* fou
first of~ all, that the previous approach to pe1!ceptior
processes, .and the very conieepts relied. upon'to def~ine.
them, tire inadequate for enecmpas sing tbhe new and sometives
unexpFectad results whieb xere obtained in these stiidies,
There arose, for example, the problem of quantitative
evaluatidn. of .t1~e volume of perception by man of the
various signals* incoming to him. s-inc16 this problem could
not be resolved 'by a simp le tomputation of the number of
Stin'Wuii 6in f'fectillly perce "ved pilr Unit of time, the
necessity. arose to resort to methods develope*d in, the
.1n'ormalion theory ffor solving analogous problems I.n the
technical communication systems, -Together with Jitroduction
into psychology .,.f nforv~ation-theory measurements, which
'determine. the prohabilityfof occurrence of any given
signa1l, the statistical (probability) approaab became a
widely utilized pract'ide also in the. investigations aimed
at el-ucidation, of the very nature of perception processes.

A still more important role was playe4 by the fact4
that new foundations were provided for the standpoint of V

*regarding perception as a re'latively independent process,
constituting not merely the initial 1irnk of a retlectory
event, but a com-plex and relatively "iconioletedll functi-onal
system which comprises numerous central and efferent links,
*a system having its own speic regulation, and its own
spe cific product in the form of an integral Image off the
oblect actively 4differentiated within the external field,
or in the form- of an also aotively dif fe rent iate d separate
parameter of any given influlencinlg complexo

Inseverably from the. problem c oncerna-ig the amo' .nt
ot information received, arose the problcai of study of
the procosses of its handling by man, wh.Vch -wera found to
approximate in their com'p.exity the maost suabtlle proces.,es
ever invest-.31gated in. psychology. It, is sufficient to
refer, for example, to the data of invest i~gation ofthe
varimis. .trategies the emplo rnt of which, 1sncesr
for the recogn-ition. and classifivati"on Of Complex pefr-
ceived obSects.

Thizt*~ development of investligatlans 'In the
field of engineering psychology brought Out a most im..
portant fact: the more the work functions vretre converted
to the function of control of the machine's) thze more
fully became apparent their psychological cognition
tenor-, and the more was revealed, b ehind the outward
motion acts performed by the worker!-operatar, the huge
and often ver y iftiansive inner mental work effected by
him.

One should not assume, of courspv, that the above

Ud'ated alteration of the, furictions performed by the workier I
.



F n nroduction, imparted for the first time a psychological-
tenor to Work processes. It merely revealed the psycholo-
gical tenor inherent in any work process. Lven the most
simle acts of work, consisting of repeated outward motions,
have a complex physiological and psychological regulation,

The analysis of the content of current engineering-
psycho"Iogy investigations permits to differentIate still
another, third stage in the studiesof man's work flznctions.
Although the problems which are characteristic of this
stage arose already during the period when engineering
psychology was only in a state of formation, and it is
difficult to indicate chronologically its beginning, in
its fully developed form it is outlined With, sufficient
clarity. This is the stage of resolution of the problems
which confronted psychology on further advances of the
automation of aroduction.

The creation of complex technical systems of auto-
matic control was of the nature of a shift of the boundary
-which senarates the functions of man and machine. Such
functions, for example, as recognition of objects$ working
out 6f optimal solutions of operational problems, etc.,
were consigned pore and more to the machines. As a result
the problem of correlation of the functions of man and
machine moved to another, still higher levels it was found
that it was necessary to bring in agreement the higher
nsychic functions of man and the functions, analogous to
t hemi performed by automatic devices. This, of course,
introatuced new problems not only in psychology of work,
but also in the general theory of psychology. We will
consider only some 'of these problems.

2

Complex, semiautomatic systems of control are based
on thne -principle of a discribution of functions between
man and the technical cybernetic devices which effect an
activity comparable to the higher nervous, Dsychic
activity. For a matching,, under these cond.tions, of the
work of both "units" of such a system (operators and
machines) the Study of particular characteristics of man,
for example of his carrying capacity or interference re-
sistance, was no longer sufficient. The necessity arose
to ascertain the structure and inner mechanisms of his
psychic activity, in order to make it possible to carry
out technical simulation of those processes which it is
best to consign to the machine. On the one hand, the
proto.sed independent basic diagrams of the automats being
designed required an analysis from the standpoint of their

Ieualty to that psychic activity of man which they are J



hyoteiay simulaing, and with which. they should mrz±nto a&igesst nte cother hand, such a hypothetic
simulation becomes -a method of investigation of' the sne-
cific nature of' the' psychic adtivity~ as such. by mea.ns of

compariLson of .t.capabili.ties with the oa'abilitles of
technical slulators.

The at.*cuijulated e xperience 'with te chnical s imulat ion
of psychic functions permits at- present to ascertain with
rvuf-ficient clarity the existence" of serious mismatch betwm~

ca~biit~esof mar. ard capabilities of modern, actuaall-y
existing autom atic, machines, This maismatch shoald not, by
any means, be obscured by a. reference to the theoretical"
pt'ospect. so to speak, of- exhaustive mathematical ard

techniciI. si1lation of' 411 vital manifestations$ in ,
C:luding also the psyclh! c maxifestationa, On the contrary,
~. t is preci ,elAy from the standpoint of 'this pitospect that
the discovery of such. F mis'mateln is of greatest heuristic
importanice to cyberxietics as well as psychology.

It Is dell-ktnown that to d-ate there have beeri de-
veloped '!perceiving autom~ats", Such are,, for instan-ce, the
rereeptrons ("Mark iIT'l an~d others)j,patrices of K. 6hteYn-

Sreading machines , vocoders, and other devices.
however, 'they are actually recognizing machines,. capable.
of recogning a definite cal, ss of objects, which were
fed inrto them duing the process, of their "'training" or
"self -training'!, Thb.-e are as ye.t no machine~s capable of'

act~aai, visual perception of' .obecrs. -oenpsychological
stu.Ldia~s havo. shown that thae struct-ure Of the process of
perceptionr~ of 6bj1ects Includ;es, in addition to other oper-
ations, as it's principal link, the operations of' active
differentiat-ion in the obijebt off its .sensory content
(shapes, factures. coors, etc.) necessary for the purpose

of Perception. It is precisely the pr'ocess Of diJ'fez'entb.L
ation of' this most "Informative" content, that is, not
effected by the modern automa~ts,

E~ven, such specialized operations as 'the reading
of' a 'lettered text is effected by the prese -ntl]y available
machines, so far, in a manner that is not perfect. It is
sufficient to mention that the occuxrrence 6ff interferences
in the presexice of 1which the -percept ion of' a text by a
man is practically fully retained., renders recognition
of the letters by the machine almost impossiblo-,-artlett
bas pointed out that man can read a t1'ext when the lower
half of' the lines is completely covered or removed; a
task which is so far impossible. to the, recognizing ma-.
chines, This capability of a man is due 'to the fact that in
a re ad ing pe rsaon. the *iniade qua te -inf ormat ion c onta ine d in
the incomplete gra):hIc reprosezitation of the letters -is

~combined with vast excess inf'ormation. contained in theJ

L- 6-



1 aning content of the text.
Thus, at first sight, we- have a paradoxal situation.

Man's perception is characterized by the fact that it is
capable of functioning with inadequate informative signs
contained in the object; at the same time it is capable of
utilizing a vast information which, however, is not di-
rectly coded in the signs of the objects. This is, precisely
the explanation of the occurence of such effects as the
adequate perception by man of double-tieaning images; the
"solving" of Duzle-pictures without prior knowledge of
any signs of the object concealed in the picture, etc.
It is obvious that the basic scheme othe perception
processes oerformed by man and. by modern machines are
not coinciding with one another.

This is completely evident, in particular, in the
case of reading of a text. The available data show that
the eye of the reader does not come to a stop at each
letter but only at one out of four to six letters; in
this displacement the eye effects numerous inversions of
the text, that is the gaze comes to a rest at first on,
let us say, the third word of the line, from the left;
then it moves to the beginning of the line; then moves
forward, that is, to the right; then moves again in the
baekward direction, and So on. This is entirely different
from the manner in'which the analogous process takes
place in the machines.

Even the foregoing cursory comparisons of the capa-
bilities and methods of perception by man and by modern
machines, permit to reach the conclusion that the schemes
of the latter do not adequately simulate the corresponding
processes occurring in human brain. These schemes depart
from the psychological fact that the specific product of
human perception is the image of the objecti and not the
code of its signs used in the solution of a definite
problem. Is it legitimate to make such a distinction
between the image of an object and the code of its signs ?
We believe that it is not only legitimate, but absolutely
necessary, even on leaving out of consideration, for the
time being, the importance of this distinction from the
standpoint of theoretical cognition.

The gist of the matter is, that the principle of
signalization, which is the basis of any code, even
though it is at the same time the principle of reflection,
is not however its only principle. The image as a result,.
as a subjective product of perce tion (we mean an image
'in the broad meaning of the termS, can be transmitted by
a code, but the image itself is not a sign, not a con-
ventional, not a hieroglyphic transmittal of the real
thing, but its reflection, comparable in its fullness with

S7 -



r; 1ea' real t.!fLxs~~ ,. g2 bEa.a ecrate
reaity pas, peset, r ai-); irin .s rospective, as

an airn becone th.,e inuner, icle-al "ope-r&oolrl ofi ma'
5Vctivit-y, inc'judinr the acti-vity, oft the pecetion. if this
refers to Ctrnsious re prEnS-ta:t ion, thU itu cano~ also be
tI-e object, and at; thae scime time :"-'e re~.st of in~ner mnt-al,,

'purTO'Seul u tis of Yran-; mnan is men-,,aaly cowparitig an-d
conibainr with one ;anotner, or di.ssociat'ing, the represented
objea-ts, modfyig tem in. accordanxce with the problem. that
confrants, him,.

The men (-t-al ac osth-us accobripished are in~deed
action--'. having the same fun,-da mental strt-ucture as thre
ojutwai-rd abetvlatos derivate of which they are.
They are also 'coEd"by. :'. lik, vn.-ch is uhe objectival
reality, 'with only this differen~ce that in such a case It
Cappe~ars in rts reflected, lcouiedtl form, and is therefore

trao~l i'Of si rr sstance a. ~cuti and of outuraard".,
c omp al s0ory r-crrection of it. For that vegj reason, inci-

t.'e re-su.'L - rv of rcnr act icos 'req~aireS a verifi-
b o y prracticeP

it i evident that the rphyrs o Logial c~aimof
thi's u'svck"Arog~cal roRlitY can be on ly the reiflee cry
proce?,,es, o'~ the.- "brain rhichieh form . str-ucture that, is
a Lo ~1oc by ocjectiva i m ity$ch a re th'e
str::-tre'~ descrie-di. 'r tho vaon--ets of .x),,erse a i-ference
at c ot. rivu level (secP.-iau syntheses. acceptant

a t i$:, o C . K . A , -i ..&lO

Tnexisling autho4!-at3 reproducc the gnrlscheme
of th,,ec~ structures . ;t i another cpestion as to Rahther
into this sceecan be introduced a. cyberne tic simul.ator
o.,: such an ideal operator ,ihicn, is canb~to~arfs

on thue c ontextl z.,e,-un g )Vis is provi.ed by the image.
in a y event tf-,A require.'s u muchn more throe lavu4 ncledge
'of ~estructv-re ofteioO'50 oi huuman rca a
than the avuAlable knowledge . is -t- rc 's fa,.t that
at nres~n n- E rious elffcrts' are be ing made uacsly
in t:.s dflecti of 0.n 0oJceive ivsigto of these
p~rocesses~, and at number of very productive hi'ypothesea

.ein~1g uavan,,e-, -There fore it rr,-may be assum(-o tht
subs't a.ti-al aon e il ahevdaoa these- lines
in t:-z 'Lear future.L-S~i i

Etle ss intotvand of nctO. lesh .ait
sign i' 'iance, is u cmariso. of hutman rneimo.,ry orith the-

S3 iiuia tion- oif nte mory, yiz:;Iu -S,.reatc st patcJ
rc suits. * :dern macb'ues h-ve7v1ry !.ilgh ratte of mm~
rirot ion, arc acbl of storing for any- -Llrgth o f tie
wM5Ln the rr'act ically needEd limits , the retaineu



I mteial(te s-c~ld Olong-time rlanic,"Yl) ard q~f repro-3

a sufficiently large volume of, memory -- up to 108 binary
Unt.It is re ImarkableI however that all this notwith-

standing, in the procedure by which machine memory is
operating and consequently Inl its funcItional capabilities,
It is. St±."J :,.ess 'similar to memory of man than machine
Percerti"on is to'human perception. The gist of thle matter
is, that machine memory simulates O~n1Iy a particular mwecha-
nism thereof, namely the mechanisrm of formnation of engrams,
that is, of traces capable of re product ion. This Meoha-
nism constitutes an .indispensablec- condition of operation
of human memory, but thb6 principle of operation of hi.~an
memory is the principle .of sensible memorizing and repro-
duction. Only in isolated, most exceptional instanCes,
the mechanism of engramming becomes foremost in memory,
and it is precisely in such instances that axe revealed
most evidently all of its limitations and even its "in-
natural character" insofar as man is concerned.

To give a striking illustration of this, we will
describe a peculiar experiment performed by one of~ us
several years ago. It was carried out in conjunction with
a lectuire on memory, delivered to an audience of advanced
training, at -which were demonstrated the most unusual
mnemonic faculties of S. V. Shereshevskiv, which have been
described many a time in psychologica1 lAtterature. The
experiment, with which we are concerned, was as follows.
After a long series of randon words had been. read alouLd,
once., *to S. V. Shereshevskiy: and was repeated by him,
without an error, according to a specific program (from.
beginning to the end of the series; then rom the end to
the beginning of the series; then from 'the middle of the
series alternately, to the beginning and to the end, etc.)
the following problem was given. to S.* V. 'Shereshevskiy
and at the same time to the entirs audience. It 'was
required to find an answer to a question 6oncerning one
word of the series; It was agreed that Shereshevskiy Aill
answer the question aloud, while every member of the
audience who has mentally determined the necessary answelr,
will immediately raise his hand in silence. Thereafter
the following question was asked. Which 6t the words of
the Aeries submitted for memorizing, and then repeated
without an er-or, means an infectious diftase ? (The
word in question was 'Ityphus".),

This experiment ha2 the following result. immnedi-
ately after the last two words of the~submitted question.
had been spoken, many hands -were raised in the audience.

Atthe same timre it, could be seen with wh.at an effortth



Fans'wu*r was sou~ght for by 3hov~shevskiy-. with eyes shut
with characteristic mnotions of -the haif extended hands,
as if groping through the words of the series4, etc., Only
alfter many sc,.conds had elapsed., was the. word Ityphus"
Snoken out * Later on, Sheresbevskly told that he had
Mentally gone ove-r the-serie-s of wordst but, ±.n a 'burry,
had missed the needed vWord Qn 'first attempt, arnd had to go
over the series a sc-cond time.

The "'machine" principle of mnemory, whlch linder the
conditions of this demonstration. was relled upon by,-here-
sheV'skry, revealed roost strik.igly. its liviitations in,
conmarisorx with the -meaning principle of operation, sj~eci_
fic of a norrmal hnuman memory, whicb evidently'is also
control'Ied by that ideal "operator" which is the image.

Still] mrne cqaiplex is the problem of simulation of-v
thinking~ here we come upon the fact that the orIgIrlators
of machines, in some aasf.S, visualizf the processes of
Ymnan ,thinking in. an. insufficiently complete manner.* For
example, the ope rativc definition of thinking proposed by
Thuering is, from this standpoint, Cleai'ly unsatisfactory,
since the choice of a correct answer to a questionl does'
niot amou-nt o thinking, WIthout discussing here the
que stCion, as 'to -whether humnan hnigaonst h
performance of such ope rations as, for example, the
c-iezoonstration of the theorems of geometry, theorems of
mathematical logic,~ translation from one language intoanothere, which to date, can be success -fly are
out by a machine, we only wish to emphasi2ze that the
p-ossibilities of simulation of thinking are, at the presenft
t_,ime, practically 'limited to those mental operatllons 'Cor
which it is possible to find a single-valued system of
rules (algorithms). On the other hand, the developmoent of
niachines capatle of plausib16 deductions, in tie:r, ie . nng
of Polya, and of m.aking correct dccisions on the biasis
of inadequate data, encouriters up to now insuperab"le
difficulties.

lin fact, the "thinking" machines operate niot ith
linguistic objectal value,' not with a )language, but ww-.th
computation, that is 1with a certain set of rules, with a
.a formal system devoid of objectal tenor, which is (evolved
ac-cording to the following principle: a)l an arbitraz-y
Italphabot" is prescribed, b) initial "word,-" in this
alphabet are prescribed, C) rules are prescribed for th'e -
formation of new "words" frmthe initials 'As a 1res-:ult,
the objects, the operation with which Is avtom rated in
the machine, ap-p-ar as elements of pr-escribed operE.tionis,
but within the scope of performance of the machlnethi
ob~ectal tenor remains 'blank. In human thinking, on th.e
Lther hand, the meanitng of objects is detErviined not onvI~
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Iby 10-io Correlationls but also byr the-Ir Objectal tanor,
an.ixd by tae n.-sychologitcaJ. situation withOrin which are

veonLr.~th4t; ions~ of mayu. by his intenitions and
!"ot Jver

C-~a 1-18 is re"Latt.onship t* the, problems, etc. 1Eerle,
hu an 6t ,ivity 1.. 4k.-1, w iarQy technical. system Con-

sists ir.- irmpsr-ting meanirig to the signals dc,?ivcred by the
P,,h1ine, for the 'purpose off dterminin-g the objectal tenor

OFreelv' infov ;t t and the selection, on Q t 1 l i bas is,
off the reciied action. Since the: latter con.stitutes the
main Jlrnk In the whole chain off processr-s which can, not be
elim:Lnated', ra-nry aut.hors on proposing mathemticeal formulas
for the Oc4ite'rion. of' retl4onal choice off action',tro
dunce 'Parameters thfe values off4L which are determined by the
capabil.-ties and potentialities of the acting man. The
necessity of intr~bduction. off these,, so to speak psycho-
logical paramelt.*rs shows that in, this instance also we
can n*ta yel*, ade..quately simulate human activity.

Tostin sticrming up, it can 'be said that at present
teac'vrances in sixnulation ofP rsychi1 c activity off man are

very sliglit; its basic charateriatics are riot reprduced1
by any Ifach'ine built up to now.. U4I :T)-here is , all the more,
no _tzaclrie analogy for the fact that In the case of' man

it ia arys impoctancs! ho~i c ogri zant heIs of' his
vforkx, It is commom knowle-dge, ffor exale, that the
"1output" e;P a person car. be greatly increased by provision
off an arprprriate goal. But the development of a mnacnine

havin sch truly hkuman characteristics Is apparently
jhlst as diffliulIt and remote as an artificial creation off
life cavab'Le ct' -roducing a thirsking and, conscious beind

Off course it is easw to -poinit out., on -the other
'hand, some chararoterisotins (f' rmachines which can not be
reproduce., by ma. t wsstated, hereinbeffore thatthr

ar. anly tbiswbich t-he machine does better thark man.
However, probably'the mostmsummat- chracteristic
iiherent -to all machaine 's, buat not to man, is Ithe possi-
bilty of preservation of the machine under the con-
ditions whetn it isnot o-perating arid. :128 not subj1ected
to external1 intlu.ericrs, Yet it is inipos; ,ible to keep
man. iLn "exfect, order" under such conditions.

It is wt;ell kr.ow for example how man is affected
by roironrged isolation and compulsar-y iriactivlity. 'At i.

fouma that if bian is --ept. under conditions o~f sharbl~y
re--ducedf auditory anid Optic stimuli, Symptoms rapidly set
in~ of serioia distutrbances of hi-s psyclhic state. Thlere

.1o. -,s ,!shownm by da~ta ci'ted in the review article
H~ Od vL5"u;a and -under oeti ond~itiona also

:Q.j OrY }.t c t i ons . Man can not ,with imptuliity,
.Lroti'ng and do nothing; he nnust be active, Ayid th 's

i ara c t (,11 s t i c, o f wic>~ m a chine s a re f L 1y d ev o Id.1~ ~ ~ ~ ~ 1 xpec peetyhs utotnature. 1uman natuzjre

Ll~xre GS ~ppaerll i. 11



f man is the product of his historic development, p= --f
as a sb~ject of active, transformant, consclous activity,'
as the only tru.e subject of work.

3
The considering of man as a particular link included

in the system of automatic devices and machines, makes it
possible to resolve very important problems concerning the
increased efficiency of the operation of this system. In
conceding not only the legitimate nature of such an ap-
proach, but also its necessity, one should at the same
time also emphasize its limitations. The limitations of
such an approach are due to the fact that it is abstracted
from the social nature of work and from the social nature
of man as its subject -- ,a circumstance that car a ot be
disregarded, not only in the working out of the broader
theoretical problems, but also within the scope of the
"man-machinel problem.

It is precisely the disregarding of this circum-
stance that has led to the views which consider the man
as a mere link of an autonomous, in principle, complex of
machines generated by the machines themselves, of a link
that still remains, in a most vexing manner, unreplaced
by automatic devices. The changes of the functions of man
in Droduction, caused by the course of techn.cal progress,
are considered by the proponents of these views.as an al-
leged indication of the occurring elimination of man
from the snhere of nroduction. however, the idea of a
progressing "dehumanization?, of work is actually only
reflecting its practical alienation, lnduced by domi-
nancy of conditions of private property.

At present, when study of the "man-machine"
system becomes a steadily more urgent problem, the un-
covering of the actual correlations foumd beyond the
correlations prevailing within this system, is especial-
ly necessary. It is necessary, in particular, in order
that'engineering psychology be in a position to develop
not merely as an ancillary discipline of technology, but
as a leading division of the psychology of the work
activity of man.

An unquestionable achievement of Soviet psycho-
logical science is the overcoming of the unilateral,
naturalistic approach to man, the interpretation of
human psychics as a product of social-historic develop-
ment. In concrete investigations of psychic activity of
nan such an interpretation was realized for the first
time by L. S. Vyotskiy ("Development of igher Psychic

Functions't, 1960f. Thsapproach retains, of course, allj
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fT of't vmtlue als-c in- work p.syCnologyt it should be also
extended to includre -. oblems of engineerlnrg psychol~ogy.
lan is, off copzrse, a 'natural being. flowever, as a social.
subject he exhibits particular characteristics; iah also
involves a change in the type of his developrisnt, and of
the ilawe, which govern. it, Thnis is the resulIt off the specific
nature of his activity, which resides in the fact thlat -It
is a productive 'activity. Of ' uch, a nature is primarily the
basic huzman activity -- the work activitye

The work activiity off man is -m odied In its product;
it is converted to 'the form of subsistence or objectifioa-
tion (s-ee. K. Marx "Capital", Vol 1, 2.955t pp .18?J-188) * At.
th 'e same time in the tcools by means off which it -Is achiieved,
man acquires Virtually new organs, which., in the words of
-Iarx, he adds, to the orgarhs of his body,

Thus, man appears in history as a subject of work
activity, of a process by means of which hie actively con-
trols th~e mate rial Interchange, between him and natlre,
and, on setting his cognized goals, he effects predet~rmi-
ned changes in the work object. Although the. combined
faculIties -which man exercises in, this connection include
necessarily his physical force, the latte~r is onlAy- pra-ti-
c-ally realizing in the product of work that aspec;; of this
process wVhich constitutes its psychological tenor, Tr
other words, man manifests himselff in the work activity as
a, subject endowed with psychics, with cognition. By em-
bodying his intentions in the work he not onl.y overcomes
the inertness of natural matter, creating tools and -ma- 2
chi-nes, but overcomes also tChe t"biological inertness'! of
his natural organs, of hii natural forces an'd -Iaculties.
Therefore the develon' ment of 'man dur:ig the progress of
the social-history process proceeds at a rate which is
completely incommensurable with the rate of .*Lbclogical
evolution, Let us consider this process in somewvhat greater
detail.

Every individual person enters life under conditions
created by the- preceding generations. But these conditions
are nots by any me ans, a mere envirorxment in relation to
man, to which he must adapt himself; in the form of ob.

* jective things and phenomena, these conditilons carry
within themselves the achievements of the histar.cal
development of people, the experience of social practice,
the combination of the human faculties shaped in t;he
course of' history. in order to Jlive in society man needs
more than that with wrhich nature has prov,,ided hinm at birth.
Hie must also riaster the expoerience gained in the course of
social history, which is embodied anid.objlectlfied in thIe
environment off the huaman world -- a world of industry,
sciences and arts. This ap-,pl ies primarily,. to masterin o
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Foktcols9 which constitute the. typical, material form7
of' crystallization of' human activity.

A tool is riot merely a physical object having
def'inite mechanical properties. It is at the same time
also a social obj-eotj a-. object in which are embodied and
consolidated the ways of' action evolved, in -the course of'
history -- the working pperations..The exist6nce of' this
social and at the same tiyae idesal tenor, crsalzdin
the human tools$ dif'ferentiates them f'rom the "t1,6ools" of'
animals.

Animals also perforn, certain opei'ations. by means of'
the so-called lltoolsll. For eXample, it is- well known that
monkeys learn readily how -to make use of' sticks. however,
the "tools" of' an.Arnals9 unlike real tools do not become
lasting carriers of' the means of' their utilization. The
animals do niot keep their "ltoolsll; they are not trans-
mitted -Erom one generation to another, nor are they im-
proved. Consequently, there is in animals no process of'
mast;,ering of' too'ls, of' their "adoption". The use of the
!,tools" does not develop Ira them new faculties; orn the
contrary, the "ttool"t itself' is sub~ect t6 the natural
behavior, based upon instinct, within the system of' which
it is included.

Qui~te another matter is the employment of' tools by
man. In. the course of' mastering of' the tool, man conf'orms
his motions to the socially developed system of' operations
which is roaterially consolidated in it. Tte tool causes a
rearrangemnent of' the behavior of man, and develops new
f'aculties in man during his, lif'e. a.,, Adoption of' a
definite set of' oroduction tools -- says Marx __ is
eclaivais-nt to development of~ a definite set of' f'aculties
in the individua theraselves" (K. Marx and F. ingels,
Works, Vo*l 3, Page 68).

The same thing takes place when man masters the
phenomena of' spiritual. culture. For example, r1aSt*e)Ain of'
a language is the result of those mental operations which
have been historically consolidated in its meanings. It
is obvious that n the course thereof' also takes place a,
mastering of' the operations as a result of' which is
realIzed the unif'ormity of' thie grammatical and Phonetic
system of' the given language.

Thus, the same as the f'aculty of' achieving activity
with the use of' tools, the speech activity of' man, his
speech-motnive and auditory functions, arise as a result of'
his mastering, in the course of' the process of ontogenreti~c
deve'lopment, of' the aohievemients of historical development
of' humanity, embodied in the objective world that su.-rounds

jThe t-ype of' developrie nt inherent in man puts himj
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rn a a~~u rltosi with the world in which he7
direet biological character. The world-of human'objects
and phenomena, -4hicd is nearest and most importanit to zan,
confronts him not as an environment 'to which he must adapt
himself, but as somethang which he makes his property, and'
by means of which -he. achieves his life.

Thus, the developmnent or marits activity in a society
'is, ~ Y i wyetnng beyond the "lIts of his big

This ist of course, only a metaphoric expression. howdevert
it shows a most important fact. Thi.s fact is, that to man,
tools and machines, language and science, are organs of
his activity -- of outward Activitey as well as of inner,
mental activity, And, this is true to such an extent, that
If man is deprived of these organs, hie is found to be
fally devoid of capability for any human activity whatso-
'eve r.

'On the other hand, the removal of man would convert
the wor' -d which he has created to a mere cluttei of slovily,
but unavoidably decaying objects; their fate would be the
sa.me as the fate of 'an,.tomy organs severed from the human
orgar4ism, In other words, behind thid Draeady-made" 'world
~cntinues to stand marit as its basi~ally irremovable
Subject.

The relatiorships which we have dcsor~bed appear
under the conditions of a class society only as the re-
lationsbhis of an abstract, "integral" taan. On thes other
hand ,the real man is fouina to be facing, under -these
conditions, the world of material and spiritual values
created by mankind I as an alien force which subjugates
him, These relationships become for thlp first time -the
true relationships between men only in our era'$ the era
of consolidat Uion of socialistic ommunist society, which
liberates human Labor. It is these relationships that
determine the prospective development of human activity
and of man himself,

The approaoh to man which ensues from these
prospects, alters substantially* the nature of -the. psycho-
logical problems.. The work actI#-ity of man-~reveals in
the light of these prospects its full tenor, and appears
as the principal form. of his activity, -kih is beconing
steadily more "1re inte grated",1 and inaltuding the diverse
manifestations of human psychics, Therefore the p'sycho.
lo9gy of' work ceases to be a specialized branchi of psycho-
logy and its theoretical problems become also the major
probleiof general hibian psych ol ogy,, This also zieans,
however, that the psy .1hology of work can .Yo longer de-
vel~op on the "butts" of psychological: science, as was

Lthe case within the framework of the, former psychotchoin~



1+.

Development of mechanization and automation is
necessarily intellectualizing the work functions of man.
However, under the conditions of capitalistic production
this process is hampered. On the other hand, in socialist
society, where the overcoming of the breach between phrical
and mental work is becoming one of the major social poblemst
it acquires full freedom for its development. This refers
not to a mechanical combining of external, practical actiity
and the inner, mental activity, but to their merging, to
their mutual permeation. This poses a psychological problem
which from the standpoint char.cteristic of idealistic
psychology is fundamentally irresoluble.

It is well kniown that this standpoint is based upon
a contrasting of phenomena and processes of two differ,,.ut
kinds. One kind consists of material processes and phe-
nomena, which include also the outward activity of man
and the physiological processes which effect it. The other
kind consists, of the inner, subjective processes and phe-
nome-na of thinking, imagination, etc. It is alleged that
it is solely they that constitute the sphere of psychics.
It is obvious that from this standpoint any outward ac-
tivity is fully outside the field of vision of psycho-
logical research.

This question is being resolved in a quite differ-
ent manner. from the standpoint which was first developed
in ord'rly sccession in Soviet psychology. The differenti-
ation upon which it is based is: differentiation of material
subject, of that objective reality with which this subject
is interacting, and finally of the processes that effect
this interaction. At a certain stage of evolution these
Processes, which have become of infinite complexity,
acquire a structure which renders possible such an
"'umfolding" of them in the brain of the subject as to
constitute the image, the psychical reflection, of the
reality acting upon the subject.

Since these processes are, in practice, connecting
the subject with the reality that surrounds him, they are
necessarily subordinate to its objective characteristics,
associations and relations; hence, just as necessarily
are subordinate to them also these reflections in the brain.
Only at the still later stages of development -- at the
level of man -- are the processes which connect the
subject with the surrounding reality, and which at the
same time effect its "translation" into psychical re-
flection, capable of acquiring also the form of inner,
cognizing activity. They remain, however', the processes
which effect the real life of the real, material subiectj
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mbir'g a derivate off outward, practical activity, they, f
in turn, serve as an intermediate to-it.

1etheoretical views brieffly outlined ab'ovet 1'uJly
eliminate the contrasting off inner,.mental'activity and
the outward practical activity, 4Thich is characteristic
of' the obsolete, idealistic psychology. Thus these views.
open up the way to investigation. 'of' their actual inner
correlations and make it possible to advance the hypothnesis
of' a-fundamentally common structure of' outward and inner
activity (see A. N. Leontlyev.-kolm ____ ta PSAkbki
[Problems of' Development of' ?aci.3,.5)

This hypothesis arose ojithe basis- of' experience
with analysis off developed, intermediated by psychidal
refflection, fformns of aot4.1vity inherent in man. Such an
analysis requires the dif fferent iation in' the complex
pictute off the system off human activity, taken, as a vwholes
ffirst of all its most general "units", -- the separate
activities. We denote by this term the complex combination
of' processes united by a common direction toward the
achievement of' a deffinite result, which constitutes'at the
same time the objective incentive off a given activity, i.e.,
that which concretizes (in which is 11objectivated"t) some
need of' the subject, The result,to the achievement off which
is directed the activity of' the subject may be of' a
directly practical nature, or off a idealistic, theoretical
n~ature. 1t is evident that in the 1vormer instance off main
significan.1ce in the activity will be outward, motive
processes; in the latter case,. the inner, mental processes.
In order to determine the correlation off these processes
it Is necessary to extend 'somewhat the analysis,

Achievement of' tl-fe result' inducinig some activity off
the subject assumes the perfformance off a number off actions
Which constitute the tenor off a given, activity. These are
rela-tively independent processes, stuoordinate to a
co gnized purpose (if' the result off the activity is cognized
as the ultimate goal, then the purpose off the action is
cognized as an intermediate goal). In contrast with the
activity, the actions correspond not to an independent
miotive, but to the motive off the activity in the tenor
off which they are included. The relative independence off
an action is exhibited by the fact that the same action
can efffect diffferent activities; it varies only inl its
motivation and in accordance with the meaning which it
has to the subject.,

From the standpoint o1f the problem under consider-
ation, it is importanvt to emphasize that actions can also
be either outward, practical, or inneyr and mental. Thus the
tenor off practical "activity not infrequently includes

Lmedntal actions, and the tenor of' a theoretical activity1
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jmay include outward ahd practi~cal actions. (for exampli,
in adjusting a laboratory unit the investigator -carri-es
out a practical action but it is a part' of his theore t cal
investigative activity,,

The third "unit", which should be diffeientiated is
the promedure by which the action is carried outj that
which we call. an operation~. The operations, vhich in. a way
are the .!technicalll components of actions, are -also rela-_
tively independent, In effecting the action they corre-
spond to its conditions and not dire.ctly to its pui'pose.
Ther efore the same operat ions, may 'effect differehi actions,
outward as well at, ±nner, 42ental. At the same tine the
operations themselves may be inner, mental (for examp16
caloculations "in our head").

.Thus the structural units which we have differ,.
entiated can be, first, of the form of outward processes
as well as of the form. of inner processes. Secondly, they
can change from one form to- the other; for example, the
A irectly productive work acti*1Lty oanx include in its tenor
a large number of inner'actions, suach asi mental comparison
of indicator readings, all kinds of comoputations, etc, All
thisi gives reason for asserting the common structure of
outward and inner activity. However, in- a deeper sense
this common. nature is revealed only on, examination of the
genetic cotrelations which interconnect the outward and
inner actions and operations.

These. oorrelati0 as is shown by present-day'
studies, Are characterizel by the fundamentacl fact that the
inner metal actions and operations arise from the outward;
that they are the re~ult of the process of' interiorizati onof the latter. We know that the process of interiorizaFtion
had been described by many psychologists. This process is
Most complex and we can not of course undertake its
detailed analys i , We will Li.it 6urselves to the consider-
ation of onl~r two questions: the question concerning the,
necessity which induces this process, and the question of
fornation of merital acti.ons.

It may be corisidered as genterally accepted that the
mental, thinking activity is formed in man during the course
of Lis ontogenetic development. However, up to now this
process is often v-isu~lized in an extremely simplified.
manner. It is assumed that the thinking, l1ogiCa). processes
develop in man in the' same manner- as the analytic-syn-
thetic activity develops in'higher animals, and that all
the difference between them is: first, that in man, the
thiniking processes are forrmed uider conditions of the
L.-f'J.uence upon him of' phencmenia of a 'soclal nature, in.-
cludingthe effects of speechy -- stimiil± of the second

L signal system; secondly, that in man this-process takes
Place under the infLuence of training, which, presents toj



tielearner A sys terintically sel~ected and properly corre-
lated material. As a result, due to repetition and rain- 7

forcement of these correlations, there are formed in him
such associations, combined into complex systemis, the
actualization of which constitutes precisely his thinking
activity.

Notions off this kin~d, although attractive by their
apparent simplicity, are in manifest conflict however with
the facts. Theycaonflict,. first of all, with the real rate
of progress of a child's thinking. Indeed, the formation
of mental, logical processes.) developed during the many
cen-tua-Mies of social-historical practice of mankind by
formation and generalization of correlations, aritlng,
under the influence ofaneven specially selected material,
would require many, many life-spans. Actually, this
rocess firogresses very- rapidly and on the basis of a
material incomparably more restricted than the minimal
necessary for the above-described process.

A still more serious difficulty', encountered by
the 'simplified scheme of ontogenetic devel.opment of the

'V thinking activity, under consideration, is the fact thlat
it is possible for example, fairly 'readily to develop In a
child -associative Correlations off the type 3 + 1+ 7~ bUt
a correct actualization of these correlations by a chld
is not at all an evide-nce that he has mastered the ar~th-
metical operation of additioni it may Le found that he
-can not count at all. The gist of the matter is, that it
is not the operation of. addition.Which is the product of
these correlations, but J,4st the opposite -- these corre-
lat:Loris are the products off mastering of this operation.
Therefore t'he teaching of addition never starts with a
learning of tables of .addition, nor doe. it consist in it,
The child is taught to perform the. operation of addition,
that is, this action is actively developed in the child.
Itk. iLs only subsequently, as a result of a complex process
of tranzsformation of this action in the childt'~ head, that
he develops the apparently elementary asscations of' the
above- statted type.

But, horw can a mental action be formed ? The.
corresponding process must undcergo formation in the cild's
head, but as previously stated this can nQ~t take place by
itself under the influence ofi those objective phenomena to
which this process corresponds. For example, -the influence
of empirical sets can not bring~ about thefformation of
mental computation. Mental act 'ions can be formed only by
meanis of' mastering the historically evolved actions, In
other words, the act ions must be actively built in the
child and in every man, by the surrounding people, But

tbuild directly a mental. action, that is an action thej
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17se ,ntial tenor of whidch cons ists of n ocee takigf
DIaCe inl the heaid, iS impossible-0 Such ax" action car,

neit~her be shown nor selen. T.1hercfore the onaly 'poss,,ible
way to tea_,ch a mental aotion i first to produxoe this
action in the form of an outward actiorn, with objects whIch
are also outward, and thien t-o transor' It i3nto an inlne r
ct ion

Thus) the mental ac,(tioL)ns and oper~itibns are onto-
genet:Lcal)ly fCormed as a t'e cult of .a masterinig of 'them,
which is rossible ontly if they are presernted in an outward
form-,. This is precisciy Why thef existence of a specific.
proce ss of interiorization 'Is necessary.

To date the Toath over which~takes place the trants-
flormation of the outward actions into inncor actions has
beeli stutdied in. sufficient detail (see P. Ua. Gallperin
"Development of' Investigations .n the Formation of' Mental

Acton~'in the symposium Psikhologichesk-aya Nauka v 66
sy ihr,,g I i1a Sc iernice in t FLs q- 011:;1;-s

T'he Process of itrrztonis, however, only
one of thec. characteristic aspects of' the correlations
between outward and innier activities. The other aspec ,t is
cnxhiibited in a process taking i-lace in4 the opposite di-
rectiori~ in. the procss ofP exteriorization.

Avery important characteriszic of mental actions
and ope r11at ions resides in the 4-act'that they are capable
of changing from their inhero.nt, concise and t-Oridged form
into an Lunfolded and outwxd form. This kind of inverse
transformnation of them, which Is sometimes total and
sometimies inconiPleto is we'll known and constantLly ob-
served, for exanple incgs when difficultieis arise
which make it necessary to verify the actiLon while l1ooking

.t it(hPoligo a mental problem "with pencil -In
hand", by draawIhg a diagramxrjetc.).. The main thing, however,
is that the 'transformation of mxiental processes into an
unfolded outward fbrm provides the possibility of t1heir
emb.odimen~t in practical activity, and ojf. their crystal-
l.ization in tools'and mhiewhich are, according ,to
Marx, "the man-made organs..of hum3ran brain".

Thus the correlation between -outward practical.
and inner theoretical. activity of man is characterized not
only by the fact that the separate "units",f which form
-their tenor, are capable of' moving, from one kind of
activity into the other, but also by the fact that they
are canable of mutual trans forma.t ion. The signlificance
of these mutual transit ions and mutual transformfatios was
hidden by the chasm which, in. the old society, so-parated
physic-al and mental work. This separation appeared to be
perman9Ent arid f'undamentally insuperubLe. 4ence the psyoho.

Slogical study of mental processes was also divorced f'romj
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theLL JAysn~vtenwt ou-tward ir.raxctical activity.
F~or this, revison i.t is most pertionent at the present 't ime
to develop furthezr the study' off concrete correlations .
widhi connect thought and work, "be ad n~d hands". In our
epoch of conve-rgence of mental-and. physical work, it is
a. most important psychological problem,

The problemn of I"man -and machine';1, which -ba.s become
the center o1' attention in modern -psychol ogy fWri
not only a practicat, but also a theoretical problem con-
cerning the correlations betwreen the Tprocesses effected
..y mach nes t on the one hand, and by humaa activfity, on
the . other, From the standpoint of man taking part in the
proce ss of Production, even the most modern machineS,j
Including those provided with automatic control device--s,
areM rerely a tecbnical means, a method of effectuaation of

~.rduciveactivity. Mar, consigns to them a vast number
of functions which in, their combined complexity are
11on hJs power. These functions, however, Lire created.

.bymanj, and in this sense they are transformed and ob-
iec4,tivPated 'hr~aman fuinctions.

V As wa~s statted before, an-y operationst regardless
.Ohethner cutward-motive or mentali.J, are parts4 of the tenor
of antion as means of its effectuation, On the basis of
-!.heir origin they are transformed actions. VaTis trans-
f'ormation occurs wheni an action becomes a part of another
soction which is more -complex and May be terred a "1highler
action, in relation to thi§ first, As a result, a forme-rly
r e lat ivCly inde:_pendentll action is gradually t'a2.gor ±thmized"
and ltautomated"(. Thus for example, the formi.ation of a
motive teohniaue (rmot Ive skill) begins, as we know, with
Its mastering in Thie form of a Cognizably perlformed
action. T'hen this action is In1rcluded -In a. more counlex,
integral action, within-which it acquires the final
"finish", after which it is performed -ore. or less auto-

m.atiica11yt I4n the same manner are also 1"ormed all mental
cperatiotisi ith the only difference that in this case
the inIt ial a(,,.ion also -Undergoes interior izat ion.

F11guratively speaking, the formation of~ an oper-
ation is the dying of' a 'ormerly creative action. 'In -the
coreration are retained and become fixed only those
siructuaral correlati6ns' off an action which. reproduce the
oblective correlations of the objectival conditions of

pesn~rfformance. These objeative correlat ions are not,

tofe ccire pycholog ' al; that is the, very, reason why
tl-eycan eeiboiedinanobjective form, in the form'

of objective T:xodi cts of hviran. activity, And separate
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rom raar. Thus t .hey acquire their own obiective fixlstefloel
and development.

Such are. all human tools, in which are crystallized
the work operatibns; *aeh are the words of a language,
which carry within their meanings the mode of their usage.;
such are1 finally, the laws and formulas of logic and
mathematics,

Do the technical devices of cybernetics constitute
an exception in this respect ?.They are capable of per-
forming any, even the most complex, mathematical and logic
operations. Man can convey to the machine diverse functions
of his brain, on the condition however that they are

fadaptable to formalization; otherwise they can not be
technically simulated. But the functions which meet this
condition are nothing but operations; they are processes
which have. already been formalized, "technicized", so to
speak, in the brain.

One often speaks of machine activity, of actions
performed by the machine. A description of the work of
machines in these terms is 'ustified by the fact that the
system of processes which they effectuate, appears to be
fully coincident with the human action which this system
is simulating. Indeed, if we consider as the "unit" of
action analysis an operation (or, all the more, some unit
differentiated on more detailed analysis), we can obtain
as a result their full mutual superposing. The fact is
that operations, as we had emphasized hereinbefore$ do
not add to the tenor of an action, but form its tenor.
In other words, on mentally subtracting from the action
the operations which effectuate it, we exhaust thereby all
of its tenor. There remain only the cognizance of the
purpose of the actiont its motivation and its meaning to
the subject, which depend upon the activity which he
carries out, and the respective "emotional sign" of' the
given action -- all that which constitutes'its "psycho-
logical remainder" and imparts to the action a live,
predilected character.

Thus, the machine reproduces not the action, but
only a system of operations which constitute its tenor.
Does this put a limitation to machine capabilities ? We
believe that this question should be separated into
parts. If we are talking about the capability of a ma-
chine to cognize the purpose and meaning of the action,
of actively to differentiate these purposes in accordance
with requirements and motives, then in the framework of
nonliving matter the answer to this question must be
negative, On the other hand, if we are considering the po-
tentialities. of the machine toeffectuate all of the

jcomplex systems of mental processes, we must admit-,ikat
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Ith e se potenti4Oal itle s are boiuidle ss anid enic onpaS salso
process..es vihilch are far beyond the scope 6f? the icnown
ope rat ions.

This corntentior, is by no means in onflict vith t
proposition that only operations can be te-hn Ica s Imru-
lated, We have mentioned before that ope-vatIons are , I;; ,
prodlact of tra' rmation of thOee action, occurring luler
the conditions of' i-ts inclusion. as a component into a Rm*ore
complex, "higher" actiont. Consequentlyt that 'whih today
aT)Dears i-n hu~mant thinking as a creative action which can
not be formalized, may tomorrow become an operation. hience
there aLre also no boundaries vbhich lizit the development
of more and more t"intelLigent" mac-hines * We should onl
,abandon 'that approach 114o this problem which, whil'e boldly
extrapolatIng, iinto the Dauture the teechnical. develIopmeints,
regards at the same -time the mental potentialities of man
as stationary and not deveioping. When man. corisigns to
the nachine the Pe.-formanoe of :operationt, 'he is not. xm.erely

v unloading his brai. i Te machine is a. means of' work. a
IIonduc'tor'V of hun3-an activit-Y and, like any means olf work,
ijt provides him with eou,_ipnaent. Thetefore, when man dele-
gates his functions3 to the machine, the machine, i t rn,
is in a way imparting to man the funcitions which it ful-
fills. For example, in uti.11iing a computer for poesn
of necessary data, man, is not only consigning this function
to the machine, By utilizing the results of its :uc
tion~ng, --ni widens his mental capabilitiss, c-An so~lve
problems, which could not be solved wi -thout ep mn of
the machine. At the same time, th41'e fuvnctions ,qhich. rm
consigns -to the machine are not merely reproduced by it,
but aret greatly. accelerated9 -become more complex anid

w~e ~erlmts. Also, that which tI*he mach.Lne coyn,
tributes by its work to human activity, brings ab,-ut thne
formation of new faculties in mar., of new fr.ltional
systems of his braini, which consti.tute "mo ).e hysio-
logical organs" (Ukhtomaskily) of thleseculis

In psychology of work activity of Man thes e C-iralw-
stances are of' inortance bc-cause they emnphasize t-he
significance not only of' the problem of' ada ptati on of tile
machine to mvan, 'out also of the problexu of active for-
tation of pakychical faculties of maza in accoordance with,

*the demands made upon Ihim by technical progres, -and with
the pote.ntialities which it aff'ords him..

E NDl*
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